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Abstract 
Zinc oxide (ZnO) nanostructures electrodeposited from aqueous zinc nitrate solution at 70 °C 
onto glassy carbon electrode (GCE) were used as electrochemical detectors. The morphology, 
structure, chemical composition and conductivity of the as-deposited layers were determined 
using Scanning Electron Microscopy, X-Ray Diffraction, Energy Dispersive X-ray analysis 
and UV–vis spectroscopy. A highly oriented crystalline ZnO deposit made of a dense array of 
randomly oriented hexagonal nanorods was obtained without any additives in solution. The 
electrocatalytic oxidation of Ascorbic Acid (AA) was studied using cyclic voltammetry in 0.1 M 
phosphate buffer solution at pH 6.8. Comparing the response for AA oxidation on the bare and 
modified electrodes, the peak potential was shifted to –0,45V on ZnO/GCE with higher current 
densities and transfer coefficient, due to a simultaneous increase of oxidation rate and surface 
area. A linear relationship was determined between the anodic peak current and the AA 
concentration in the range of 0.1 to 5 mM.  
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Introduction 
 
Ascorbic Acid (AA) is a soluble vitamin present in many biological systems and in 
multivitamin preparations, which are commonly used extensively as an antioxidant in food, 
animal feed beverage, pharmaceutical formulations, and cosmetic application [1]. AA plays 
also an important role in collagen production, a protein needed for the development and 
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maintenance of bones, cartilage, joint linings, skin, teeth, gums and blood vessels. Besides, 
AA takes part in the human metabolism, including amino acid digestion, synthesis of 
adrenalin, anti-inflammatory steroids and certain hormones and neurotransmitters [2]. In view 
of these functionalities, inexpensive, rapid and reliable method to determine the AA 
concentration attracts great attention in biomedical engineering, food and pharmaceutical 
industries. The generally employed analytical methods are fluorimetry, chromatography, 
iodometric titration, enzymatic methods, spectroscopy and electrochemistry [3-5]. 
Potentiometric and amperometric methods are based on the electrochemical behavior of AA 
[6] that can be either in oxidized form (L-dehydroascorbic acid) or in reduced state (L-
ascorbic acid) according to the following equilibrium (1) [7]: 
 
 
 
Voltammetric techniques are considered important, because they allow the determination of 
trace concentrations of many biological elements. However, the direct electrochemical 
oxidation of AA at bare electrodes, including carbon, Hg, Au or Pt, requires a high 
overpotential and showed poor sensitivity, low selectivity and poor reproducibility. Because 
of the high electrochemically active area as well as excellent electronic transfer capability, 
many scholars have adopted these structures as sensing materials to modify electrode surfaces 
while developing AA sensors of high sensitivity and good selectivity. Thus, numerous 
attempts were made to enhance the electrode kinetics using various chemically modified 
electrodes [8, 9] by adding several metallic and non-metallic nanomaterials to the carrier 
substrate [10-12]. Among them, zinc oxide is one of the most promising materials for 
nanotechnology due to its broad area of applications, such as sensors, solar energy, light 
emission, photo-catalysis and nano-generators [13]. Furthermore, ZnO has been used 
extensively in the field of electrochemical sensing due to its properties such as high 
conductivity, low cost, high chemical stability, ease of synthesis and electrocatalytic activity, 
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especially for the detection of traces of biomolecules, such as AA [14-17]. A recent work has 
shown that the existence of ZnO in RGO–ZnO/GCE largely enhanced the electroactive 
surface area and therefore the sensitivity for electrochemical sensing [18].  S. Ashok Kumar 
[19] designed an electrochemical ascorbic acid sensor with excellent performance based on 
ZnO/poly-luminol hybrid films. 
Glassy carbon was widely used as modifiable electrode material for the design of 
electrochemical sensors, due to its high electrical conductivity, its good resistance to chemical 
attack and its suitability in a large potential range. Many studies were already reported on the 
electrocatalytic activity of glassy carbon electrodes (GCE) modified by nanoparticles and /or 
polymer films [20-24]. Hybrid materials such as carbon fibers covered by ZnO [25, 26] or 
ZnO/ carbon nanotube nanocomposites [27] were used for the detection of biomolecules, such 
as AA, dopamine, uric acid or adrenaline. Zhang and coworkers [15] revealed that the 
presence of ZnO in reduced graphene oxide-ZnO/GCE largely enhanced the electroactive 
surface area and therefore the sensitivity for simultaneous electrochemical detection of AA 
and contaminants, including dopamine and uric acid. In a recent paper [28], it was shown that 
ZnO nanorods prepared by a hydrothermal method could be desiccated to prepare ZnO/GCE. 
This modified electrode allowed AA detection with a rapid response and a low detection limit 
(0, 27 µM). However, the preparation of this kind of electrode required two steps (ZnO 
preparation and integration on GCE), which is less convenient than a one step preparation by 
electrodeposition. To our knowledge, there exists no work where ZnO modified GCE for AA 
detection were fabricated in one-step by electrodeposition. 
In this study, we explore the feasibility of the electrochemical synthesis of ZnO nanorod 
arrays on GCE for the fabrication of a rapid, reliable and nanosized detector of AA oxidation.  
 
Experimental 
All chemicals were of analytical grade and the aqueous solutions were prepared with milli-Q 
water (18.2 MΩ, Milli-Q, Millipore system). Zinc nitrate (Zn (NO3)2), L-ascorbic acid (AA) 
and potassium nitrate (KNO3) were purchased from Sigma-Aldrich and Fluka (98%) 
respectively. Phosphate buffer solutions were prepared from potassium dihydrogenophosphate 
(KH2PO4) (99%) and dipotassium hydrogenophosphate (K2HPO4) (97%) purchased from 
Prolabo.  
Before the electrochemical measurements, GCE were mechanically polished using 1000 and 
2400 silicon carbide papers, followed by 6-µm diamond paste on an appropriate cloth. 
Finally, the surface was cleaned during 5 min in milli-Q water in an ultrasonic bath. 
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Electrochemical measurements were performed using a potentiostat/galvanostat (Autolab 
PGSTAT30). The electrodeposition was carried out in a classical three-electrode system. A 
bare GCE of 1.8 cm² or ZnO electrodeposited on glassy carbon (ZnO/GCE) were employed as 
working electrodes. A large platinum foil was the counter electrode and a saturated calomel 
electrode (SCE) served as reference. All potentials were recorded with respect to this 
reference electrode.  
ZnO nanostructures were synthesized from 0.1 M KNO3 solution containing 5 mM Zn (NO3)2 
with an initial pH value of 6.5 at 70 °C, using a deposition potential of -1.1 V. The deposition 
duration varied between 5 and 20 min. The solution was carefully de-aerated under argon 
flow 20 min before and during the experiment.  
The surface morphology and composition of ZnO/CGE were investigated by Scanning 
Electron Microscopy (SEM) (Hitachi, S-570) equipped with Energy Dispersive X-ray 
Spectroscopy (EDX). X-ray Diffraction (XRD) was performed on a Siemens D5000 
diffractometer using filtered CuKα (λ = 0.15406 nm). The diffractometer was operated at 40 
kV and 40 mA, room temperature, with a scanning rate of 1.2° min
-1
 and for scattering angles 
2θ ranging from 30° to 50°. UV visible diffuse absorption spectra of the samples were 
recorded at room temperature in the range of 300-800 nm using a Varian 300 
spectrophotometer equipped with an integrating sphere DRA-CA-30I on a Hitachi U-3310. 
 
Results and discussion 
 
Chronoamperometry 
Figure 1 displays the current transient recorded for an applied potential of -1.1 V on a glassy 
carbon substrate. The current density during the process is quite high (about −1.7 mA/cm2 
after 17 s of growth), which confirms that the deposit is a good electronic conductor. An 
important feature of the curve is the presence of a cathodic wave at low deposition time (see 
inset part in the figure), which is assigned to the nucleation-growth process of ZnO on the 
glassy carbon substrate [29]. 
Characterization of ZnO thin film  
 
The X-ray diffraction pattern of a ZnO coating deposited during 5 min on GCE is presented in 
Fig. 2. There is only one intense diffraction peak at 34.5°, and three tiny peaks at 31.9°, 36.5° 
and 47.6°. They all correspond to the hexagonal Wurtzite structure of ZnO (JCPDS no. 36-
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1451) with a strong preferential orientation along the c-axis. No other diffraction peaks from 
impurities were detected.  
Figure 3 shows SEM images of the ZnO deposit. Uniformly shaped and oriented nanorods 
emerge with a partial coverage of the substrate. They form flower-like structures; each 
nanorod corresponds to a petal, some of them attached to the others in the heart of the 
crystalline flower. At higher magnification (Fig. 3b), the nanorods present faceted hexagonal 
structures in good agreement with XRD results. Their dimensions are quite homogeneous 
with around 200 to 300 nm width in the widest part of the rods and a length between 1 and 1.5 
µm.  
The chemical composition investigated by EDX (Fig. 3c) indicates only peaks coming from 
Zn and O without impurity elements. To quantify the ratio between the elements, the analysis 
was repeated 5 times with the same magnification at different places. The integration of the 
peak area using ZAF correction software, removing the background and using deconvolution 
models, gives 51 ± 4 at % Zn and 49 ± 2 at % O, in good accordance with the ZnO 
stoichiometry. 
Figure 4 shows the optical absorption spectra of the same sample. According to Tauc, the 
dependence of the absorption coefficient α on the photon energy hυ for near-edge optical 
absorption in semiconductors takes the form (2): 
  (αhυ)1/m = k (hυ-Eg)    (2) 
Where Eg is the optical band gap, k is a constant and m can take the values of 1/2 in the case 
of an allowed direct energy gap transition and 3/2 for a forbidden direct energy gap transition 
[30, 31]. In order to determine the optical band gap of ZnO nanorods taking m = 1/2, (αhυ)2 
was plotted versus hυ using the data obtained from the optical absorption spectra (Fig. 4). The 
direct band gap of ZnO nanorods was determined by extrapolating the linear part of the curve 
to the ordinate axis: ~3.37         . This value agrees well with those reported for 
electrodeposited ZnO films (3.28-3.42 eV [32]). 
 
Electrocatalytic oxidation of ascorbic acid 
Figure 5 shows cyclic voltammograms (CV) obtained in 0.1 M phosphate buffer solution 
(PBS) (pH 6.8) with or without 5 mM AA at a scan rate of 8 mV s
-1
. In curve 5 a, obtained on 
bare GCE without AA, the oxidation current is nearly zero. When AA was added to PBS, an 
oxidation peak appeared (curve 5 b) at 0.2 V, with a maximum current density ip = 0.49 
mA.cm
-2 
at a
 
potential Ep of 0.55 V. This peak corresponds to the oxidation of AA to 
dehydroascorbic acid according to reaction (1) [7]. No signal was observed on the reverse 
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scan, even if the potential was decreased down to -0.5 V, indicating an irreversible 
electrochemical reaction. 
On ZnO modified GCE (curve 5c), the anodic wave of AA was observed from -0.1 V with a 
displacement of 0.3 V to less anodic potentials relative to bare GCE. The peak current density 
is nearly double (0.91 mA.cm
-2
), as well as the slope to reach this current maximum. This 
increase in AA oxidation rate can be attributed to a larger effective electroactive surface area 
(shown in SEM observations) or to an electrocatalytic effect.  
In the case of an irreversible system, the values of n (where n is the total number of 
electrons involved in the process and  the transfer coefficient) can be calculated at both 
modified and unmodified carbon electrodes, according to equation (3) [33]: 
 
αn =0.048/ (Ep-Ep/2) = 0.048 / ∆E   (3) 
 
Where Ep is the peak potential and Ep/2 is the potential corresponding to ip/2 (half of the 
maximum in current). The E values were found to be 0.08 V and 0.19 V on ZnO/CGE and 
CGE respectively. Assuming n=2 [34], the value calculated on the modified electrode was 
0.29, against 0.13 on the bare electrode. These values clearly show that the rate of the electron 
transfer process is greatly enhanced at the surface of ZnO/GCE. These two observations 
indicate an electrocatalytic effect on the modified electrode. 
 
Effect of the deposition time on the electrocatalytic oxidation of AA 
In order to increase the sensitivity of the electrochemical detection at ZnO/GCE, the 
experimental conditions have to be optimized. First, ZnO electrodeposits were obtained using 
the previous conditions, but for various times between 5 and 20 min. Cyclic voltamogramms 
(Fig. 6) show that the deposition time has a crucial effect on the electrocatalytic response: the 
intensity of the AA oxidation peak decreases and the potential moves towards more positive 
values when the deposition time increases. 
This behavior can be related to changes of the morphology of ZnO deposits, as already 
mentioned in previous papers [35, 36]. Further experiments were then made on the optimized 
ZnO electrode obtained at -1.1 V during 5 min. 
 
Influence of the scan rate  
Figure 7 shows the scan rate dependence of cyclic voltammograms. An enhancement of the 
scan rate from 8 to 300 mV.s
-1
 induces slight anodic shifts of the peak potential. Similar 
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results were observed by Raoof et al. for AA oxidation on a modified carbon paste electrode 
[37, 38]. This behavior confirms the kinetic limitation of the electrochemical reaction. As 
shown in Fig. 7 b, the peak current varies linearly with the square root of the scan rate, which 
indicates that the electrocatalytic process is controlled by AA diffusion to the electrode 
surface [39].  
 
Effect of AA concentration 
The CV responses for different concentrations of AA (0.1–5 mM) are presented in Fig. 8 a. 
The oxidation current increased with increasing AA concentration.  
Figure 8 b shows the calibration plots (peak current vs. AA concentration): the current 
increases linearly in the range of 0.1–5 mM following an equation: ip = 0.1830 CAA +0.0024. 
The sensitivity of detection is high: the slope (0.18 mA.cm
-2
.mM
-1
) is in the same order of 
magnitude as that found by Zhang et al [15] on reduced graphene oxide/ZnO deposited on 
GCE (0.17 mA.cm
-2
.mM
-1
)  
Moreover, our ZnO/CGE presents a good stability towards AA oxidation, because all 
experiments on Figures 7 and 8 were obtained on the same ZnO electrode. Nevertheless, 
further experiments concerning the lifetime of the electrode and the presence of potentially 
interfering species, such as glucose, uric acid and hydrogen peroxide are in progress. 
 
Conclusion 
In conclusion, electrochemical deposition is a rapid and convenient method to obtain in one-
step Glassy Carbon Electrodes (GCE) modified with ZnO nanorods. The morphology, 
composition, structure and conductivity of the ZnO films were determined. The as-deposited 
electrodes were investigated as electrocatalytic material for ascorbic acid oxidation. 
Compared to bare GCE, ZnO/GCE displays higher activity towards the oxidation of ascorbic 
acid (AA) with a significantly lower overpotential and higher current densities and transfer 
coefficients. These good results can be attributed to a simultaneous increase of the 
electroactive surface area and the electron transfer rate. The electrocatalytic oxidation currents 
of AA depend linearly on the AA concentration.  
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Fig.1 Chronoamperometric curve recorded on a glassy carbon electrode in 5 mM Zn (NO3)2, 6H2O 
and 0.1 M KNO3 at −1.1 V vs. SCE (inset: magnified view for a shorter deposition time). 
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Fig.2 XRD pattern of the as- prepared ZnO obtained from 5 mM Zn (NO3)2, 6 H2O and 0.1 M KNO3 
at −1.1 V vs. SCE during 5 min.   
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Fig.3 a and b SEM images obtained at 2 magnifications for the as- prepared ZnO grown on glassy 
carbon substrate at -1.1 V vs. SCE for 5 min and c corresponding Energy-dispersive X-ray (EDX) 
spectrum  
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Fig.4 Tauc plot of (αhν)2 vs. photon energy (hν) of the as-prepared ZnO deposit on CGE. 
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Fig. 5 Cyclic voltammograms on bare GCE without (curve a) and with (curve b) 5 mM ascorbic acid 
in 0.1 M phosphate buffer solution (pH 6.8). Curve c is obtained on ZnO/GCE in 5 mM ascorbic acid 
in 0.1 M phosphate buffer solution (pH 6.8). Scan rate: 8 mV s
-1
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Fig. 6 Cyclic voltammograms on ZnO/GCE in 5 mM AA + 0.1 M phosphate buffer solution (pH 6.8), 
at 8 mV s
-1
.
 
The ZnO deposits were obtained for various deposition times a 5 min, b 10 min, c 15 min, 
d 20 min, at -1.1 V vs. SCE. 
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Fig. 7 a Cyclic voltammograms of 5.0 mM AA in 0.1 M phosphate buffer solution (pH 6.8) at the 
ZnO/GCE with different scan rates a 8, b 20, c 40, d 60, e 80, f 100, g 200, h 300 mV.s
-1
. 
bVariation of the anodic currents versus the square root of the scan rates.   
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Fig. 8 a Cyclic voltammograms on ZnO/GCE at -1.1 V for 5min in 0.1 M phosphate buffer solution 
(pH 6.8) containing various ascorbic acid concentrations. From a to g, AA concentrations are 
respectively 0.1, 0.5, 1, 2, 3, 3, 4, 5 mM. Scan rate: 8 mV s-1. b The corresponding plots of peak 
currents as a function of AA concentration.  
 
 
